Abstract: Microvascular decompression is an established surgical remedy in people suffering from trigeminal neuralgia. Hearing loss secondary to decompression surgeries have been reported in the literature but auditory neuropathy type was rare. Here we present an unusual report of a 35 year old female patient who manifested auditory neuropathy type hearing loss following microvascular decompression for trigeminal neuralgia in the right side. Pure tone audiometry revealed a low frequency hearing loss that returned to normal. Brainstem auditory evoked responses and acoustic reflexes were absent and otoacoustic emissions were present. This case study highlights that auditory neuropathy can also be one of the possible auditory morbidities due to microvascular decompression surgery and emphasizes the importance of intra-operative auditory brainstem monitoring.
INTRODUCTION
Microvascular decompression (MVD) surgery is a well established surgical procedure to relieve the compression of arteries or veins that cause trigeminal nerve neuralgia. Although the success rate of surgery was 73% to 86% [1] [2] [3] [4] the incidence of postoperative hearing loss was found to be in the range of 0 to 23% [2, [5] [6] [7] . The types of post operative auditory morbidities include middle ear infections [8] sensorineural hearing loss [9] and retro cochlear pathology [10, 11] . One study showed a total deafness following two weeks after surgery [12] whereas another study showed a similar result after three weeks with gradual improvement over 18 month period [13] . We present here about an unusual result of a patient who manifested absent brainstem auditory evoked responses with intact outer hair cell functioning following MVD surgery for trigeminal neuralgia in the right side.
CASE REPORT
A 35 year old female with a long standing severe to profound hearing loss in the left ear presented to the Otolaryngology clinic with a complaint of difficulty in hearing in the right ear immediately after undergoing MVD surgery for trigeminal neuralgia on the same side (operated on 04/04/12). Preoperative magnetic *Address correspondence to this author at the Department of Otolaryngology, Audiology Clinic, Tan Tock Seng Hospital, Singapore-308433; Tel: +65-92794911; E-mail: nareshd15@gmail.com resonance imaging (MRI) of the brain with T1 contrast showed superior cerebellar artery impinging upon trigeminal nerve at the root entry zone with all other results being unremarkable. By using a sub-occipital approach, the neurosurgeon laterally retracted the cerebellum to access the trigeminal nerve and offending blood vessel. Neither pre nor peri-operative brainstem auditory evoked response testing was employed. There was a history of undertaking pure tone audiometric test for long standing hearing loss in the left ear but those reports were unavailable. In this case study, post-surgical audiological results pertaining only to right ear were presented.
Pure tone audiometry performed on the following day of surgery (05/04/12) revealed low frequency hearing loss (Figure 1 ). Following this, prednisolone was recommended at a dosage of 60mg/ day for one week and three other pure audiometry tests were performed in a span of one month. Her latest audiogram done on 28 May, 2012 revealed reversal of hearing thresholds to normal levels ( Figure 2) . Patient was then further followed up on 06 September, 2012 for bone anchored hearing aid (BAHA) evaluation in the left ear due to long standing hearing loss but the subjective complaints of difficulty in hearing in the right ear persisted. Pure tone audiometric thresholds were noted to be stable but speech audiometric test results showed elevated speech recognition thresholds (45 dB HL) and poor speech discrimination scores (65%) which were disproportionate with normal pure tone audiometric thresholds. Tympanometric results showed bilateral 'A' type tympanograms with absent ipsilateral and contra lateral reflexes except at 500 Hz in the right ear (operated side). Brainstem auditory evoked response testing done on 14th September, 2012 showed absent neural responses in the right ear (operated side) at 70 dB nHL for condensation and rarefaction click stimuli presented at 11.1 pulses per second despite having normal pure tone hearing thresholds (Figure 3) . Conversely, distortion and transient otoacoustic emissions showed robust responses with over 70% reproducibility (Figure 4 ). 
DISCUSSION
After eliminating other causative factors such as focal lesion or blood clot through post operative MRI, our patient was diagnosed with hearing loss secondary to auditory neuropathy in the right ear. This diagnosis was corroborated by cardinal test results i.e., presence of otoacoustic emissions, absent brainstem auditory evoked response and acoustic reflexes. The causes of adult onset auditory neuropathy can include infections, trauma, or hormonal changes [14] but our patient did not present with any significant history of morbidity prior to surgery, albeit with a long standing hearing loss in the left ear. Although pre-operative audiological results were unavailable to delineate the exact cause in our case, it is plausible to assume that auditory neuropathy had resulted following the surgery as the patient subjectively did not present with any hearing complaints nor had any difficulty in understanding speech in the right ear pre-operatively.
We attribute the cause to be iatrogenic where the traction of cerebellum during surgical process might have stretched the auditory nerve causing demyelinization or axonal loss of the nerve fibres. Retraction of the cerebellum in lateral direction as in our case can put the auditory nerve on greater stress compared to infero-lateral retraction [2] . Apparently this might have resulted in temporary elevation of low frequency hearing thresholds that were resolved after few days and leaving the cochlear structures intact. The presence of otoacoustic emissions and absent brainstem auditory evoked response clearly explains that hearing loss is neural in origin. The return of low frequency hearing thresholds to normal level suggests that there was recovery of neural function but the synchronous firing of neural fibres was lost. Another surprising element was the absence of wave I which is usually generated from the distal portion of the auditory nerve. This could be due to the exertion of pressure on central auditory structures that might have been transpired to the peripheral portion of the auditory nerve during surgical manipulations. The underlying pathophysiological mechanisms for absent brainstem auditory evoked response in our case may be due to dyssynhcrony in the auditory nerve fibres or reduced neural input that mimics physiological mechanisms related to auditory neuropathy. As the patient did not turn up, follow up tests could not be done to document if the changes in these neural responses were permanent or temporary.
Unlike in our case study, most of the previous studies that documented changes in brainstem auditory evoked responses also documented elevation in hearing thresholds post operatively [9, 15, 16] with some improvements over month's period [14] . However one case study revealed auditory neuropathy spectrum disorder findings as in ours following a second surgery for cerebellar astrocytoma [17] . Their study reported significant co-morbidities such as cerebellar ataxia, lefthand side abducens paresis and right-hand side peripheral facial paresis along with permanent hearing loss, absent brainstem auditory evoked responses and present otoacoustic emissions. Interestingly, one study showed a complete absence of all waves during intraoperative monitoring that were attributed to cochlear nerve compression but was resolved after cerebellopontine angle re-exploration and correcting the offending blood vessels. The authors in their study explained that temporary loss of waves 1 and 2 was due to vascular compression on the ipsilateral side [18] . Another study [19] showed prolonged waves, 52% reduction in speech comprehension scores without any significant changes in pure tone thresholds due to vascular compression of the cochlear nerve. Nevertheless, brainstem auditory evoked responses and speech comprehension returned to normal levels in 30 days. Therefore the vascular compression as a cause for temporary elevation of low frequency hearing thresholds cannot be excluded in our case.
Incorporation of intra-operative brainstem auditory evoked response testing can reduce the risk of hearing loss [2] . It offers the clinician to assess the changes in brainstem auditory evoked responses in real time and alert the surgeon to take corrective measures. Our case study adds a new causative factor for auditory neuropathy in the literature database and highlights the importance of intra-operative brainstem auditory evoked response monitoring. 
